Alexa labelling
Calmodulin-S17C was labeled with the fluorescent dye Alexa546 for ProtoArray screening or with Alexa488 for the microfluidic studies. 10 mg calmodulin was dissolved in 20 mM phosphate buffer with 100 mM NaCl, 1 mM EDTA, 1 mM DTT, pH 7.3, incubated for one hour and DTT removed by gel filtration on a NAP-10 column in 20 mM phosphate buffer with 100 mM NaCl, and 1 mM EDTA, pH 7.3 One molar equivalent of Alexa546 C5-maleimide (Invitrogen, California, US) or with Alexa488 C5-maleimide (Invitrogen, California, US) was added and the labelling mixture was then left to react at room temperature in the dark for one hour. Excess unbound dye was removed by passing the reaction twice through a NAP-10 size exclusion column (washed with 5 mL 1 mM EDTA, pH 7,5, and then 15 mL Millipore water, with water as the eluent and collecting the protein fraction. The labelled protein was immediately divided into aliquots and frozen.
Protein array screen
A protein array screen was performed to probe for potential calmodulin binding partners as described in the main text and methods section. In the analysis, Alexa546 labelled calmodulin binding to immobilised protein spots on these arrays targets were recorded, we used a signal intensity above a cutoff of 200. The calmodulin target proteins identified in this screen are shown in SI Fig. 1 and 2 . SI Fig. 1 contains the proteins identified in the presence of free Ca 2+ . The proteins highlighted in bold font were only identified in the presence of calcium ions.
The proteins targeted by calmodulin in the absence of free Ca 2+ are listed in SI Fig. 2 . Systems that were only above the signal intensity threshold for apo-calmodulin are shown in bold font.
Surface plasmon resonance studies
All SPR experiments were carried out using a Biacore 3000 instrument. S17C calmodulin was immobilised using ligand thiol disulphide exchange coupling, following the procedures recommended by the supplier (GE Healthcare). The dextran matrix of a CM5 chip was activated by injecting 25 µL of a fresh mixture of 0.05 M N-hydroxysuccimide, and 0.2 M 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. A reactive disulphide group was then introduced on the sensor chip surface by injecting 20 µL of 100 µM 2-(2-pyridinyldithio)ethaneamine, PDEA, 0.1 M sodium borate, pH 8.5. Calmodulin was then immobilised by injecting 100 µL of 10 µg/mL calmodulin S17C in 10 mM HCO 2 Na (sodium formate), pH 4.3. Finally, residual PDEA groups were deactivated by injecting 40 µL of 50 mM L-cysteine, 1 M NaCl, 100 mM HCO 2 Na, pH 4.3. Blank channels for negative control were prepared by omitting calmodulin in the coupling step, and an additional control channel was prepared by immobilisation of human serum albumin. Binding of targets was surveyed by injecting 150 µL of creatine kinase solutions in 10 mM Tris-HCl, 150 mM KCl, 1 mM CaCl 2 , 0.005% v/v Tween20, pH 7.5. Dissociation of target protein from calmodulin was followed under buffer flow. The chip was then regenerated by injecting 100 µL of 1 M NaCl, 10 mM glycine, pH 2.5. The flow rate was 10 µL/min throughout the experiment. For an SPR experiment, where the expected K d is on the order of micromolar, 100 picomoles of material would be required for the immobilisation step (100 µL of 1 µM solution). An additional 10 -200 picomoles of free protein for injection would be consumed depending on the kinetics of binding and dissociation.
The rate constants were obtained by fitting a single exponential decay to the dissociation data after baseline subtraction, right panels in Fig. 2B and SI Fig. 3 , using the response, R, as a function of time, t,
with the variable parameters being the dissociation rate constant, k off , and the amplitude of the signal, A. The association phase data, left panels in Fig. 2B and SI Fig. 3 , were analysed by fitting the following function:
using the k off determined with equation 1 and the protein concentration, c. The variable parameters were: the association rate constant, k on ; the signal at full saturation of all the immobilised targets, R max ; and the response resulting from the injection of the protein, R 0 . The resulting rates constants were k on = 7.3 × 10 2 M −1 s −1 , k off = 2.6 × 10 −5 s −1 for creatine kinase B in the presence of Ca 2+ . Relating the rate constants to the equilibrium dissociation constant, K d , through Further to the free flow electrophoresis measurements described below, the calcium dependence of the interaction between calmodulin and phosphorylase kinase was also investigated by SPR, SI Fig. 3 . In the presence of added Ca 2+ , rabbit phosphorylase kinase was observed to bind to immobilised calmodulin with a very low dissociation rate. Only limited dissociation was observed over the course of days, as discussed in the main text the slow dissociation of phosphorylase kinase may be due to avidity effects. In the presence of EDTA to chelate any trace Ca 2+ , we did not observe any binding of phosphorylase kinase to the immobilised calmodulin. The data shown in magenta in SI Fig. 3 has therefore been normalised against the maximum response in the calcium buffer.
In the case of phosphorylase kinase we only observed binding to calmodulin in the presence of Ca 2+ , SI Fig. 3 . Fitting this data as described above resulted in k on = 3.1 × 10 4 M −1 s −1 and k off = 1 × 10 −6 s −1 . As mentioned in the Discussion section, the very low observed k off could be an artefact due to binding of one multimeric phosphorylase kinase to multiple immobilised copies of calmodulin. In this situation phosphorylase kinase would be required to dissociate simultaneously from up to four copies of calmodulin before leaving the surface of the chip. 
Microfluidic device preparation
Microfluidic devices were cast in PDMS (Sylgard 184, Dow Corning, Onecall, UK) using standard soft lithography methods(2). The clear PDMS was coloured black by the addition of a small quantity of carbon nanopowder, 0.2% w/w, prior to curing (Sigma, UK). Inlet and outlet holes were punched using a biopsy punch (WPI, Florida, US). The PDMS devices were bonded to glass slides in a plasma oven using an oxygen plasma (Diener Electronics, Germany). The electrodes were fabricated by placing the bonded device glass slide down on a hot plate set to 79 • C and inserting InBiSn alloy (51% In, 32.5% Bi, 16.5% Sn, Conro Electronics, UK) through the solder inlet, Fig. 1A . The electrodes were automatically aligned with the fluidic channel by an array of micropillars. These pillars defined the border between fluidic and solder channels, whilst maintaining direct contact between the liquid and the metal electrodes. 
Electrophoresis experiments
Electrophoresis experiments were performed in the type of microfluidic device seen in Fig. 1 . Binding curves for calmodulintarget protein interactions were obtained by investigating samples containing a fixed concentration of Alexa488 labelled calmodulin and a varying concentration of target protein. The concentration ranges investigated were adjusted so as to reach a plateau in the observed electrophoretic mobility. In the case of phosphorylase kinase the solubility of the target protein was also a consideration.
Four repeats of a voltage range at set increments were performed for each protein concentration. Three images and current readings were obtained at each voltage step, Fig. 3 . The voltage range and increments were adjusted to achieve considerable sample deflection, and thereby a relatively low error on δ, whilst avoiding the accumulation of electrolysis products at the electrode interfaces.
For a 1:1 interaction between calmodulin, C, and the target protein binding sites, P, with the total concentrations of C t and P t , K d can be determined from the observed electrophoretic mobility, if there is a difference between the mobility of C and the complex, CP.
The observed electrophoretic mobility is the weighted sum of the fractional contributions from the mobilities of the isolated calmodulin, µ c , and bound calmodulin, µ cp
the quadratic equation, Eqn. 6, was solved for [C] .
Creatine Kinase B / µM Thermophoresis signal / a.u. The resulting expression for [C] in terms of P t , C t , and K d is shown below in equation 7.
By combining equations 7 and 5, we were able to fit the free flow electrophoresis data to obtain the equilibrium dissociation constants for the interactions investigated in this study. The two concentrations [P t ] and [C t ] were known experimental parameters, leaving µ c µ cp , and K d as the fitting parameters.
Free flow electrophoresis with a known binding partner
In a set of positive control experiments, we evaluated the use of free flow electrophoresis to detect and characterise the binding of calmodulin to phosphorylase kinase, a well-documented ligand (3, 4) . The activation of phosphorylase kinase in response to an increase in the intracellular Ca 2+ concentration during muscle contraction leads to glycogenolysis(4-7). Phosphorylase kinase is a large, 1.3 MDa, hexadecameric complex, consisting of four repeats of its αβγδ subunits, each protein complex thus has four calmodulin binding sites. The δ subunit is an auto regulatory calmodulin homologue, it binds and activates the catalytic γ subunit in response to Ca 2+ (3, 4). We measured the electrophoretic mobilities of samples containing 1 µM calmodulin and 0 -5.2 µM phosphorylase kinase αβγδ subunit in 5 mM Tris-HCl pH 8, 0.1 mM CaCl 2 by free flow electrophoresis, Fig. 4 . In complementary experiments we also investigated the binding of 1 µM apo-calmodulin to phosphorylase kinase (0 to 5.0 µM αβγδ) in 5 mM Tris-HCl pH 8 containing 0.1 mM EDTA to chelate any residual Ca 2+ . By measuring the change in electrophoretic mobility we were able to monitor the binding equilibrium between calmodulin and phosphorylase kinase in the presence of Ca 2+ , green points in Fig. 4 . In the absence of free Ca 2+ we did not observe a monotonic change in the µ obs for calmodulin, cyan points in Fig. 4 , indicating a lack of interaction between the two proteins in the absence of free calcium ions. In agreement with the findings from the free flow electrophoresis experiments, when we performed SPR experiments investigating the binding of phosphorylase kinase to immobilised calmodulin, binding was only observed in the presence of free Ca 2+ , see SI Fig. 3 .
Thermophoresis
Thermophoresis experiments were conducted in 5 mM Tris-HCl pH 8.0, 0.1 mM CaCl 2 and either 0 mM or 150 mM KCl. Sixteen samples were prepared in each buffer with 1 µM Alexa488-calmodulin and creatine kinase B concentrations , C CKB ranging from 0 to 9 µM, Fig. 5 . The samples were placed in low-binding capillaries (MST Premium Coated from Nanotemper Technologies, Germany) and mounted in a Monolith NT.115 Instrument (Nanotemper Technologies, Germany) operated at 25
• C. Thermophoresis measurements were performed using LED power 20% and themorophoresis 50% for 25 s. The thermophoresis signal, as a function of total creatine kinase B concentration, C, in µM, was fitted using a 1:1 binding equation: 
where Y is calculated signal, Y free its contribution from free Alexa488-calmodulin and Y bound its contribution from Alexa488-calmodulin bound to creatine kinase B. X is the free creatine kinase B concentration, C CKB the total creatine kinase B concentration in µM, 1.0 is the total Alexa488-calmodulin concentration in µM. Fits to the thermophoresis signal resulted in K d = 1.4 µM for the low ionic strength buffer and K d = 1.7 µM for the measurements at high salt concentrations, see Fig. 5 .
